Introduction

52
Intensive livestock industry annually produces staggering amounts of animal 53 manure in China. Generally, manure wastes are generated in two forms, i.e. liquid
The SM was anaerobically incubated at controlled experimental conditions, i.e. 140 temperature ranging from 25 °C to 55 °C, TS content from 20% to 35%, and initial 141 pH from 7.0-12.0, respectively. The initial system pH was adjusted with 6 M HCl 142 solution or solid Ca(OH) 2 . In this section, Ca(OH) 2 was used due to its low cost, wide 143 availability, and better performance for VFAs production than other alkalis like 144 NaOH, KOH, and CaO according to our preliminary tests ( Fig. S1 , Supporting 145 Information). For the dry AD trials, 12 identical cylindrical reactors (4.4 cm in 146 diameter, 7 cm in height) with working volume of 100 ml were used. The manure was 147 first added with water and mixed thoroughly to achieve a designed TS content, and 90 148 g of the mixture was loaded into each reactor. The reactors were then flushed with N 2 149 for 2 min, and sealed with silicone stoppers before being placed in a temperature-150 controlled water bath and incubated at the designed temperature for 8 days. During 151 the incubation three of them were sacrificed for determination of related parameters 152 every other day. 153 To get sufficient amount of VFAs and ammonia enriched digestate for the 154 stripping experiments (Fig. 1b) , an anaerobic reactor (18.8 cm in diameter, 14.5 cm in 155 height) with a working volume of 4 L was operated for 8 days without mixing under 156 the optimal conditions determined in the above trials. The digestate was then system as illustrated in Fig. 1b . For dry ammonia stripping, 130 g digestate was 162 loaded into a 500 ml glass vessel equipped with motor-driven propeller. As for wet 163 ammonia stripping, 130 g liquid was introduced into a bubbling reactor with a 164 working volume of 500 ml and a buffer tank was followed to prevent the foams from 165 entering the acid solution bottle. Air was firstly pumped into a vessel containing water 166 to pre-warm the gas and to compensate the moisture loss from the stripping reactor. It 167 was then flushed into the digestate containing vessel through a circular tube with 168 small openings (2) at the bottom or purged into the bubbling reactor and carried the 169 volatile ammonia into the HCl absorption bottles (500 ml×2, 1.5 M) for entrapment. 170 The gas was circulated among the vessels and acid solutions at a gas flow rate of 216 171 ml/min. Temperature and pH were tested respectively at two levels (35 °C, 55 °C and 172 initial pH of 10.0 and 11.0) for a stripping duration of 3 hours. NaOH was applied for 173 pH adjustment in the ammonia stripping experiments due to its efficacy and retention 174 of P availability. Concentrations of ammonia and total volatile fatty acids (TVFAs) in 175 the solid digestate/liquid filtrate were detected every 30 min during the stripping 176 process.
177
For solid-liquid separation, the mixture of water and digestate was centrifuged at 178 9000 rpm for 20 min and then filtered by filter papers. Characteristics of the VFAs 179 containing solution and the final solid residue obtained through the two proposed 180 strategies ( Fig. 1a ) under their optimal stripping conditions were also tested. Pseudo first-order kinetic model expressed as Eq. (1) was applied for process 217 analysis in order to disclose the mechanisms of ammonia stripping at dry or wet state.
218
A t = A eq (1-e -kt )
(1) 219 where t (min) is the stripping duration, and k (min -1 ) the TAN removal rate constant.
220
A eq and A t (%) represent the TAN removal efficiency at equilibrium and time t, 221 respectively.
222
In addition to TAN removal efficiency, effective TAN removal duration (τ e , min) 223 defined as the stripping duration for achieving 80% TAN removal was used to 224 indicate the performance of the stripping process. The effect of temperature on net VFAs yield at 25% TS without initial pH 235 adjustment (pH~8.6) is shown in Fig. 2a . It is clear that an increase in temperature 236 favored the production of VFAs. After 8 days' dry AD, a low TVFAs yield of 5.5 mg- In this section, dry AD of SM was performed at 55 °C and different TS contents 254 (without initial pH adjustment), and the profiles of VFAs yield are shown in Fig. 2b .
255
At 20% TS, the TVFAs yield increased with fermentation time and reached a 256 maximum of 66.4 mg-COD/g-VS on day 6. After that, obvious VFAs consumption 257 was observed, leading to decreased final TVFAs yield to 55.3 mg-COD/g-VS at the 258 end of fermentation. As for TS contents of 25%, 30% and 35%, the highest TVFAs 259 yields were recorded as 39.6 mg-COD/g-VS on day 8, 38.5 mg-COD/g-VS on day 8, 260 and 30.7 mg-COD/g-VS on day 6, respectively. During the dry AD of SM at 55 °C,
261
HAc was the most abundant VFAs product at all tested TS levels, followed by iso-
262
HVa.
263
It is noteworthy that under the same operational conditions (55 °C, TS 25%, and 264 initial pH~8.6), the results of VFAs yield and its composition obtained in these 265 experiments were slightly different from those presented in section 3.1.1. A similar 266 phenomenon was also noticed for ammonia production and P fractionation, most TVFAs production rate of 979.7 to 1468.6 mg-COD/L/d was achieved in this study. HAc increased almost linearly with the increase of initial pH, suggesting that HAc 286 production pathway is more dominant and robust than the production of other VFAs 287 under alkaline dry AD conditions.
288
As pointed out by Lin et al. (2013), initial pH adjustment could alter the 289 microbial communities in SM thus affecting its hydrolysis and acidification processes.
290
It is interesting to notice that, when operated at 55 °C, 20% TS and similar initial pHs 
313
For the purpose of maximizing the utilization of C, N and P resources in the 314 digestate as well as minimizing chemicals consumption (detailed discussion was 315 given in section 3.3), ammonia stripping was conducted with the digestate obtained after 8 days' dry AD at 55 °C, 20% TS and unadjusted initial pH. As illustrated in Fig. 3b , most probably as a consequence of ammonia removal 330 the digestate pH dropped in all circumstances, from 10.0 to 8.9 and 8.5, and from 11.0 331 to 9.6 and 9.1 when the stripping was conducted at 35 °C and 55 °C, respectively. On 332 the other hand, the concentration of TVFAs in the digestate remained pretty stable 333 throughout the whole stripping process. As it is known, VFAs are volatile under acidic 334 conditions while they become stable and exist as ionic forms in alkaline solutions. In 335 the stripping systems, due to the fact that pH was maintained at pH > 7.0, the escaped 336 TVFAs from the reactor were considered insignificant. In these trials, averagely 337 92.5% of the TVFAs were successfully retained in the digestate after 3 hours' stripping at 55 °C and initial pH 11.0. Only 4.7% and 2.1% of TVFAs were averagely 339 detected in the scrubbing solutions and the water containing bottle (vessel 3 in Fig.   340 1b), respectively. And the loss of TVFAs from the stripping system was most probably 341 brought about by measurement errors. Based on the experimental results (Fig. 3a) , the 342 effective TAN removal duration (τ e ), about 60 min and 90 min, was obtained for the 343 stripping process at initial pH 11.0 and pH 10.0 (55 °C), respectively. The former 344 (55 °C and initial pH 11.0) was considered to be the optimal dry ammonia stripping 345 condition in this study. efficiency was achieved at 55 °C and initial pH 11.0, which increased rapidly to 353 98.7% after stripping for 2 hours, and then climbed slowly to 99.7% after 3 hours' 354 stripping. TAN balance analysis again revealed good performance of TAN recovery 355 by using the stripping/absorption processes. Greater than 94.0% of the stripped TAN 356 from the filtrate was able to be entrapped by the acid solution and water in all cases 357 studied.
358
As shown in Fig. 3d , the filtrate pH declined during the process of stripping from 359 10.0 to 8.8 (35 °C) and 8.4 (55 °C), and from 11.0 to 9.7 (35 °C) and 9.1 (55 °C), respectively. On the other hand, the decrease of TVFAs in the filtrate was found to be 361 less than 11% in all the tested scenarios. For instance, an average decrease of 6.3% 362 after stripping was detected when the stripping was conducted at 55 °C and initial pH 363 11.0. Moreover, to a great extent the lost TVFAs could be re-entrapped by the 364 scrubbing solutions (~ 61%) and water containing vessel 3 (~ 32%, Fig. 1b) . Again, 365 based on Fig. 3c , the effective TAN removal duration (τ e ) was determined to be 366 around 65 min and 85 min, respectively for wet stripping at initial pH 11.0 and pH 367 10.0 (55 °C), which was almost similar to that of dry ammonia stripping process ( Fig.   368 3a). Table 4 presents the main characteristics of the liquid and solid phases obtained 475 by strategies I and II, respectively, at stripping conditions of 55 °C and initial pH 11.0.
476
As it can be seen, the final concentration of TVFAs was almost same in the liquid 477 phase by using both stripping processes, around 2250 mg-COD/L. As for P 478 availability, slightly higher concentration of soluble ortho-P was detected in the liquid 479 after dry ammonia stripping, possibly due to thermal-alkaline hydrolysis of the 480 organic solids during the stripping process. As expected, a slightly lower 481 concentration of OP was detected in the solid residue after strategy I, about 2.4 mg/g-482 TS in comparison to 3.1 mg/g-TS of OP in the solid residue acquired with strategy II.
483
AP and NAIP concentrations were almost similar regardless of different stripping 484 strategies applied. In summary, the potentially bioavailable P in the solid residue was 485 able to be maintained at a relatively high level of 8.1-8.4 mg/g-TS (51.6%-53.5% of 486 TP) after ammonia stripping and solid-liquid separation through both strategies. Most 487 notably, the C/N ratios in the solid residues after strategies I and II were detected to be 488 25.7 and 21.9, respectively, both higher than that of RSM (C/N=18.0, Table 1 ) and 489 falling within the optimal C/N range (20-30) for biomethane production (Esposito et al., 2012).
Implication of this study to practice 493
After the two-step treatment process under optimal conditions, the obtained 494 liquid rich in VFAs (Table 4 ) might be utilized as external carbon source to enhance 495 biological nutrients removal after being further processed (like extraction or 496 adsorption) or used for other industrial purposes. The recovered ammonia, on the 497 other hand, is a valuable raw material that can be used for synthesis of chemical 498 fertilizers (e.g. urea), antibacterial agents and many commercial cleaning products.
499
The solid residue with much lower N content while maintaining a relatively high 500 content of bioavailable P can serve as feedstock for dry methane fermentation or 501 composting for solid fertilizer production. In brief, it is practically feasible to achieve 502 maximum utilization of C, N and P resources in livestock manure by combining short-503 term dry AD and dry ammonia stripping technologies.
504
To make full use of livestock manure, future research on further enhancement of 505 VFAs production from dry AD of SM and dry methane production of the resultant 506 solid residue should be followed up. Specifically, in addition to cost-effectiveness 507 analysis of the whole system, attentions should also be paid to the preservation and 508 retention of the bioavailable N and P resources in the digestate and utilization of the 509 digestate as high quality fertilizers as well. The data are expressed as mean (±SD). 621 Fig. 1 -Schematics of (a) the procedure for VFAs separation from the fermented 665 swine manure; and (b) the recirculating system for ammonia stripping and recovery. 
